Introduction {#Sec1}
============

Lying, sitting and standing are inevitable postures in daily life, and blood distribution changes are accompanied by postural changes. Physiologically, changing from the supine to the orthostatic position induces an instantaneous and large shift of 10% to 25% of blood volume from the thorax to the lower extremities and splanchnic organs and a transfer from the vasculature to the interstitial tissues. This redistribution causes an immediate decrease in venous return to the heart, resulting in a transient decline in cardiac filling and blood pressure. Then, positive chronotropic and inotropic cardiac effects are stimulated by activation of the sympathetic nervous system and withdrawal of the parasympathetic nervous system to maintain a relatively stable circulatory condition, with an increase in heart rate of 10 to 20 beats/min, a negligible change in systolic blood pressure and a \~ 5 mm Hg increase in diastolic blood pressure^[@CR1],[@CR2]^. Any abnormal regulation of the above process will lead to abnormal changes in heart rate and blood pressure, often characterizing individuals by orthostatic intolerance symptoms of syncope, dizziness, headache, palpitations, chest tightness, nausea, sweating, etc.^[@CR3]--[@CR5]^. In a consensus statement, Freeman et al. have suggested that the criterion of heart rate increment of postural orthostatic tachycardia syndrome is at least 40 beats/min in the young and elaborated the criterion of orthostatic hypotension^[@CR6]^. Our epidemiologic study suggested the criterion of pediatric orthostatic hypertension^[@CR7]^.

When changing from the supine position to sitting, we suppose that a similar hemodynamic alteration would occur, which likely results from gravity and regulatory mechanisms. The clinical clue is that sitting intolerance symptoms were observed in clinical practice, such as dizziness, palpitations, chest tightness, etc. elicited by sitting and relieved by recumbence^[@CR8],[@CR9]^. Therefore, in children and adolescents, abnormal changes in heart rate and blood pressure might sometimes occur during sitting or the postural change from supine to sitting and be ambiguously associated with sitting intolerance which means that subjects are disturbed by the abovementioned symptoms during sitting or changing from supine to sitting. Unfortunately, up to now, no relevant studies have been conducted.

Abnormal orthostatic hemodynamic conditions lead to orthostatic intolerance symptoms and are risk factors for silent cerebrovascular diseases, ventricular hypertrophy, lacunar stroke or chronic kidney disease, etc., which always overstress patients and their families and cause future physiological harm^[@CR10]--[@CR17]^. As a result, the impact of abnormal sitting hemodynamic alteration on children and adolescents should not be neglected because of the similarity in pathogenesis and pathophysiology.

Therefore, this cross-sectional study was undertaken to focus on the changing hemodynamic characteristics from supine to sitting in children and adolescents aged 6 to 18 years and explore their possible associations with sitting intolerance.

Methods {#Sec2}
=======

Study design, setting and population {#Sec3}
------------------------------------

This cross-sectional study was conducted in Kaifeng city of Henan province, a central province in China. Four primary and middle schools where the students were arranged to get regular physical examinations were enrolled in this study. This study was approved by the Ethics Committee of Peking University First Hospital (No. 2018201) and the authority of each school. All methods in the study were carried out in accordance with the ethical standards expressed in the Declaration of Helsinki of 1964, as revised in 2000^[@CR18]^. Informed consent was obtained from all subjects, or if subjects were under 18 years, from a parent or legal guardian who provided their medical history. Meanwhile, all subjects gave verbal assent and were also asked about their medical history and sitting intolerance symptoms such as dizziness, headache, blurred vision, palpitations and chest tightness with a change from the supine to the sitting position or prolonged sitting. Physical examinations including inspection, palpation, percussion and auscultation of heart, lung and abdomen were performed in the subjects. And their body weight and height were measured before the completion of active sitting test. Finally, 2 mL of venous blood was collected for blood routine test. All the procedures were conducted in quiet and comfortable rooms, but venipuncture was done in separate spaces where subjects were not able to go back and talk with the latter ones. Those who met the following conditions were excluded: (1) \< 6 or \> 18 years, (2) disturbed by chronic diseases such as myocarditis, hypertension, asthma, diabetes mellitus, renal dysfunction and epilepsy, (3) attacked by acute diseases such as acute upper respiratory tract infection (symptoms like fever, cough, sore throat, etc.) and acute gastroenteritis (symptoms like vomiting, nausea, abdominal pain, etc.), (4) taking drugs within 3 days prior to this study, (5) having no complete research data, or (6) unwilling to participate in this study or no informed consent gotten from their parents or guardians.

Trained researchers {#Sec4}
-------------------

The researchers including pediatricians and postgraduates of pediatrics were trained in advance to understand the whole procedure of this study and know what should be asked and examined. Specific questionnaires were applied to collect medical history and sitting intolerance symptoms of subjects. For young children, especially for 6-year-old children, plain language was used to get information as accurately as possible. All the measurements were performed by the same research group.

Anthropometric measures {#Sec5}
-----------------------

Before measuring anthropometrics, the subjects were asked to remove their shoes, coats and hats. Body weight was measured with a digital scale and the reading was recorded when it became stable. Height was measured with a stadiometer. Body Mass Index was calculated as body weight (kg) divided by the square of height (m).

Protocol for the active sitting test {#Sec6}
------------------------------------

After emptying their bladders, subjects underwent the active sitting test. The test was carried out in a quiet environment with a comfortable temperature of 22--24℃. Heart rate and blood pressure were monitored by using Dash 2000 Multi-Channel Physiologic Monitors (General Electric, Schenectady, New York, USA) which were equipped with different-sized cuffs according to the right upper arm circumferences of subjects. The facilities were calibrated with the mercury sphygmomanometer before the study. After a supine rest of at least 10 min and a stable heart rate (baseline heart rate) and blood pressure (baseline blood pressure) reached, heart rate was dynamically recorded and blood pressure was measured automatically. Then, subjects were asked to be seated upright in a chair with feet on the floor, knees bent at right angles, hands hanging down naturally and back leaning against nothing for another 10 min. Sitting heart rate and blood pressure were recorded every minute^[@CR19]^. Any symptom complaint was noted. Subjects were not briefed on possible sitting intolerance symptoms and no leading questions were asked. Once the subject could not continue the test, it was terminated in advance.

Calculation of sample size {#Sec7}
--------------------------

The sample size was calculated with the data from our pilot study including 94 participants using NCSS_PASS 11.0 software (NCSS, Utah, USA) with confidence interval of 95% and with an alpha level of 0.05. A minimum sample size of 518 was supposed in the study.

Statistical analyses {#Sec8}
--------------------

Statistical analyses were performed with SPSS 21.0 (IBM, New York, USA). Baseline characteristics are presented as mean ± standard error (SE) or n (%), and changes in heart rate and blood pressure are presented as percentiles, namely the 5th percentile (P~5~), the 10th percentile (P~10~), the 50th percentile (P~50~), the 90th percentile (P~90~) and the 95th percentile (P~95~). P~95~ was selected as a normal upper threshold^[@CR20]^. Independent Student's t test or Mann--Whitney U test was used to compare continuous variables between two groups according to the data distribution. Repeated-measures ANOVA was used to compare the values of heart rate and blood pressure over time during the active sitting test. The chi-square test was used to compare differences in categorical variables. Enter method of binary logistic regression analysis was used to analyze the independent association of variables with sitting intolerance. P \< 0.05 indicated a statistical significance.

Results {#Sec9}
=======

Demographic characteristics {#Sec10}
---------------------------

In total, 686 participants were enrolled in this study after one being excluded for epilepsy and taking antiepileptic drugs, as well as five being excluded for incomplete active sitting test results (low compliance) (Fig. [1](#Fig1){ref-type="fig"}); 371 were boys (54.1%) and 315 were girls (45.9%). The mean age was 11.4 ± 0.1 years.Figure 1Flow chart of enrolling participants. Among the 692 participants, 1 was excluded for epilepsy and taking antiepileptic drugs, and another five were excluded for incomplete active sitting test results. 686 participants were finally recruited in the study.

Hemodynamic changes during the active sitting test {#Sec11}
--------------------------------------------------

For all participants, the baseline heart rate was 85 ± 0.5 beats/min, and the heart rate after sitting increased quickly to a relatively stable level, showing a significant difference between baseline heart rate and that while sitting (P \< 0.001, Fig. [2](#Fig2){ref-type="fig"}a). The systolic blood pressure within 2 min after sitting and diastolic blood pressure within 4 min after sitting were higher than those in the supine position (P \< 0.001). Then, the other values at other time intervals after sitting did not differ from supine values (P \> 0.05, Fig. [2](#Fig2){ref-type="fig"}b,c).Figure 2Changes in hemodynamics for children and adolescents in active sitting test. Changes in (**a**) heart rate, (**b**) systolic blood pressure and (**c**) diastolic blood pressure. Data are mean ± SE. Heart rate and blood pressure changed promptly with postural change from supine to sitting and then reached a relatively stable condition.

The percentiles (P~5~, P~10~, P~50~, P~90~ and P~95~) of changes in heart rate and systolic and diastolic blood pressure during the active sitting test (maximum heart rate and systolic and diastolic blood pressure within any duration after sitting minus the baseline values) are listed in Table [1](#Tab1){ref-type="table"}. It showed that most participants had a gradual increase in heart rate during sitting, but were characterized with a relatively stable change in blood pressure.Table 1Percentiles of changes in heart rate and blood pressure between the supine position and sitting position.ItemsP~5~P~10~P~50~P~90~P~95~∆HR1, beats/min − 10 − 641822∆HR2, beats/min − 6 − 272024∆HR3, beats/min − 3092125∆HR4, beats/min − 21102226∆HR5, beats/min − 22112327∆HR6, beats/min − 12122329∆HR7, beats/min − 13122429∆HR8, beats/min03132530∆HR9, beats/min04142530∆HR10, beats/min04142530∆SBP1/∆DBP1, mm Hg − 9/− 8 − 6/− 53/413/1315/17∆SBP2/∆DBP2, mm Hg − 7/− 5 − 3/− 35/614/1417/17∆SBP3/∆DBP3, mm Hg − 6/− 4 − 3/− 25/714/1518/19∆SBP4/∆DBP4, mm Hg − 5/− 3 − 2/− 16/714/1518/19∆SBP5/∆DBP5, mm Hg − 5/− 3 − 2/06/714/1618/20∆SBP6/∆DBP6, mm Hg − 4/− 3 − 2/06/715/1619/20∆SBP7/∆DBP7, mm Hg − 4/− 2 − 2/06/815/1619/20∆SBP8/∆DBP8, mm Hg − 4/− 2 − 2/07/815/1719/20∆SBP9/∆DBP9, mm Hg − 4/− 2 − 2/17/816/1819/20∆SBP10/∆DBP10, mm Hg − 4/− 2 − 1/17/816/1719/21∆HR means the maximum heart rate within a relevant duration after sitting minus the supine heart rate. ∆SBP/∆DBP means the maximum systolic blood pressure and diastolic blood pressure within a relevant duration after sitting minus the corresponding values in the supine position.*HR* heart rate, *SBP* systolic blood pressure, *DBP* diastolic blood pressure.

Sitting intolerance and its association with hemodynamic changes {#Sec12}
----------------------------------------------------------------

Among 686 participants, 66 (9.6%) had sitting intolerance symptoms, dizziness being the most frequent (49/66, 74%), followed by blurred vision (14/66, 21%), headache (10/66, 15%), chest tightness (6/66, 9%), nausea (4/66, 6%), abdominal pain (2/66, 3%), numbness (2/66, 3%) and sweating (1/66, 2%). Participants with sitting intolerance had a similar sex ratio and similar baseline heart rate and blood pressure to those without sitting intolerance (P \> 0.05), but those with sitting intolerance had increased age, weight, height and body mass index (P \< 0.05, Table [2](#Tab2){ref-type="table"}). With P~95~ of changes in heart rate and blood pressure as the upper threshold, the incidence of sitting intolerance in participants with heart rate change ≥ P~95~ within 2 or 3 min after sitting was significantly higher than those with heart rate change \< P~95~ (P \< 0.05). Sitting intolerance incidence did not differ between participants with heart rate change ≥ P~95~ and \< P~95~ during any other durations after sitting (P \> 0.05). Simultaneously, sitting intolerance incidence was higher for those with systolic and/or diastolic blood pressure change ≥ P~95~ than \< P~95~ within any time after sitting (P \< 0.05). In accordance with the suggested time after standing in diagnosing orthostatic hypertension or orthostatic hypotension, 3 min after sitting was selected as an optimal duration applied in clinical practice^[@CR7],[@CR21]^. Heart rate increase ≥ P~95~ or blood pressure increase ≥ P~95~ within 3 min from supine to sitting was more frequent for participants with than without sitting intolerance symptoms (P \< 0.001, Table [2](#Tab2){ref-type="table"}).Table 2Comparison of baseline characteristics for participants with and without sitting intolerance.ItemsWith sitting intoleranceWithout sitting intoleranceχ^2^/Z/t valueP valueCases, n (%)66 (9.6%)620 (90.4%) −  − Sex, n (M/F)36/30336/2850.0060.937Age, years12.3 ± 0.211.4 ± 0.1\* − 3.516 \< 0.001Weight, kg44.0 ± 1.5\*39.0 ± 0.5\* − 3.3270.001Height, cm150.8 ± 1.5145.5 ± 0.5\* − 3.1440.002Body mass index, kg/m^2^19.1 ± 0.4\*18.1 ± 0.1\* − 2.7330.006Supine heart rate, beats/min84 ± 1.585 ± 0.5\* − 1.0990.272Supine systolic blood pressure, mm Hg113 ± 1.1112 ± 0.40.8810.379Supine diastolic blood pressure, mm Hg72 ± 1.172 ± 0.30.6020.547Heart rate increase ≥ P~95~ or blood pressure increase ≥ P~95~ within 3 min after sitting, n (yes/no)18/4868/55214.463 \< 0.001Data are mean ± SE.*M* male, *F* female.\*Continuous variables with non-normal distribution.

Independent risk factors for sitting intolerance {#Sec13}
------------------------------------------------

Variables with P \< 0.05 in the univariate analysis except weight and height which were used to calculate body mass index, were included in the binary logistic regression analysis, and the results showed that age and changes in heart rate or blood pressure were independent risk factors for sitting intolerance (P \< 0.05, Table [3](#Tab3){ref-type="table"}). For each 1-year increase in age, the probability of sitting intolerance was increased by 21.8%, and the participants with the changes in heart rate or blood pressure ≥ P~95~ within 3 min after sitting had the likelihood of sitting intolerance about 2 times higher than those without such changes.Table 3Binary logistic regression analysis for possible risk factors for sitting intolerance.VariablesBSEWaldP valueOdds ratio (95% confidence interval)Age, years0.1970.0659.1960.0021.218 (1.072--1.384)Changes in heart rate or blood pressure ≥ P~95~ within 3 min after sitting, yes/no1.0660.31311.6110.0012.902 (1.572--5.357)Body Mass Index, kg/m^2^0.0460.0401.3140.2521.047 (0.968--1.133)

Stratified analysis of hemodynamic changes and sitting intolerance {#Sec14}
------------------------------------------------------------------

To control the confounding effect of age, the participants were stratified as ≤ 12 years (n = 437) and \> 12 years (n = 249). We found that in participants ≤ 12 years, there was a significant association between changes in heart rate or blood pressure ≥ P~95~ within 3 min after sitting and sitting intolerance (odds ratio = 4.450, 95% confidence interval 2.061--9.611, P \< 0.001). However, in participants \> 12 years, changes in heart rate or blood pressure ≥ P~95~ within 3 min after sitting were not associated with sitting intolerance (odds ratio = 1.856, 95% confidence interval 0.694--4.964, P = 0.218).

Discussion {#Sec15}
==========

For the first time, we showed the hemodynamic changing profiles from supine to sitting in children and adolescents and their association with sitting intolerance. In young people, sitting tachycardia is likely suggested with a change in heart rate ≥ 25 beats/min and sitting hypertension with a change in blood pressure ≥ 20/20 mm Hg (for easy memory) when changing from supine to sitting within 3 min. The age and changes in heart rate or blood pressure were independent risk factors for sitting intolerance. Furthermore, age stratification analysis showed that only in aged ≤ 12-year-old population, changes in heart rate or blood pressure ≥ P~95~ within 3 min after sitting were risk factors for sitting intolerance.

Exact hemodynamic changes from supine to sitting were not clearly known previously, but they were presumed to be approximately consistent with changes caused by gravity from the supine to standing position, and both likely have similar regulatory mechanisms^[@CR22],[@CR23]^. In our study, we found an average increase in heart rate in active sitting test of 4--14 beats/min and an average increase in blood pressure of 3--7/4--8 mm Hg, showing a similar trend to changes from the supine to upright position.

Reduced stimulus to baroreceptors, leading to decreased venous return to the heart, activates the sympathetic nervous system and withdraws parasympathetic nervous activity for a compensatory increase of heart rate, myocardial contractility and vascular tone; thus, normal blood pressure and organic perfusion can be maintained^[@CR24]--[@CR26]^. The above progressive regulation will be accomplished in a short period of time. As time goes on, humoral regulation is also thought to participate in this process, especially with long postural alterations^[@CR27]^. In our children and adolescents, heart rate and blood pressure changed promptly after postural alteration and then reached a relatively stable condition. Failure of any regulatory mechanisms will result in abnormal changes in heart rate and blood pressure, probably accompanied by sitting intolerance symptoms. Sympathetic hyperactivity, hypovolemia, endothelial dysfunction, muscle pump defects, etc. are the possible mechanisms of postural orthostatic tachycardia syndrome and orthostatic hypertension/hypotension^[@CR19],[@CR28]--[@CR31]^. From our analysis, these factors might also play important roles in regulating abnormal sitting hemodynamics.

In the present study, sitting tachycardia and sitting hypertension were both related to sitting intolerance. We found no correlation between sitting hypotension (changes in blood pressure ≤ P~5~, taking P~5~ as a normal lower threshold) and sitting intolerance. The prevalence of orthostatic hypotension in young people is considered low because it increases with age, and the prevalence in adults is about 5%^[@CR32]^. Theoretically, a lesser amount of blood is transferred from the thorax to the lower extremities and splanchnic organs during sitting than in the upright position, and as a result, the decrease in sitting blood pressure is not obvious as compared with the decrease in upright blood pressure. The relation between sitting hypotension and sitting intolerance merits further exploration in large populations.

Additionally, we found that the increase in age is an independent risk factor for sitting intolerance; indeed, older children are more often troubled by postural change from supine to upright or prolonged standing than younger children^[@CR33]^. The imbalance of neurohumoral regulation might be the explanation^[@CR34]^.

As the negative impact of abnormal orthostatic hemodynamics on human body, abnormality of sitting hemodynamics is presumed to be harmful. Researchers found that prolonged sitting had adverse impact on vascular function in young females and they were generally aware that adjustment between sedentary behaviors (e.g. prolonged sitting) and physical exercise could affect the control of blood pressure^[@CR35]--[@CR37]^.

This study still has limitations. Our study population was from the central area of China, but whether the results are applicable to the children and adolescents in other areas needs further validation. Moreover, the actual impact of hemodynamic changes from supine to sitting on the human body is not fully understood, and large longitudinal studies should be conducted.

Conclusion {#Sec16}
==========

In summary, hemodynamic changes occur with a position shift from supine to sitting in children and adolescents; those with remarkable changes are accompanied by sitting intolerance symptoms. Based on the present findings, we suggested that in young people, sitting tachycardia is likely suggested with a change in heart rate ≥ 25 beats/min and sitting hypertension with a change in blood pressure ≥ 20/20 mm Hg when changing from supine to sitting within 3 min. The present study furthers our understanding of sitting-induced hemodynamic changes and provides useful data for establishing possible criteria of pediatric sitting tachycardia and sitting hypertension. Large sample-sized studies are needed to investigate risk factors and possible preventive measures for abnormal sitting-induced hemodynamic changes in young people and their impact on targeted organs.
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